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IN SITU COMPARISON OF RADIAL 
AND POINT-ATTACK BITS 
By L. S. Sundae' and T. A. Myren2 
ABSTRACT 
The Bureau of Mines conducted a se r ies of tests to compare the cutting 
forces required by radial and point-attack bits when making similar 
cuts. Three radial and four point-attack bits were tested in two coal 
mines using the Bureau's in-·seam teste!.' to measure coal-cutting forces 
in situ. Tests were also conducted to investigate the effects of 
weathering and cleating. 
The test results show that in each case, at a specific clearance 
angle, the radial bits required less tangential and much less normal 
force than the point-attack bits. The resultant of the cutting forces 
for some types of cut was 50 pct less at mine 1 for ra.dial cuts compared 
to cuts with the best point-attack bit , and 40 pct less at mine 2. 
There was some difference between three types of r adial bits, but it was 
not as signifi cant as the difference between each type of point-attack 
bit. 
Cutting coal perpendicular to the cleat planes required less cutting 
and normal force than the same type of cuts parallel to the cleat 
planes. Test results showed no effect due to weathering on cutting 
force data. Cutting parallel increased forces only because cuts were 
made in the rock band. 
'Mining engineer. 
2Mining engineering technician. 
Twin Cities Research Center, Bureau of Mines, Minneapolis, MN. 
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I NTRODUCTION 
Prior research by the Bureau in a coal 
mine (1)3 and laboratory tests (2) sug-
gested- that radial bits required less 
tangential and much less normal force 
than point-attack bits to make the same 
types of cuts. To verify this in situ, 
the Bureau conducted tests in different 
types of coal to determine whether or not 
the radial bits consistently required 
less cutting force than other types of 
bits. 
The objective was to compare the per-
formance of several types of commercially 
available radial and point-attack bits at 
different depths of cut and bit spacings. 
The effects of cleat planes and weather-
ing would be incorporated in the experi-
mental design. 
LITERATURE REVIEW 
Historically, radial bits have been 
used in European coal mines, while point-
attack bits have been used in North 
American coal mines. The marketing 
forces have promoted determination of bit 
usage based on the assumed rotation of 
conical bits, without first ~omparing 
their performance against that of radial 
types. 
No serious efforts have been made by 
U.S. research establishments to compare 
the performance of radial and point-
attack bits, except for work done by the 
Bureau (1-2). Evans (3) put forth his 
theory of coal cutting in 1956. He wrote 
two papers in 1984 (i-2) to relate the 
effects of radial and point-attack bits 
to his coal-cutting theory without pre-
senting experimental data, stating in ef-
fect, that for deep cuts, both bits have 
the same effectiveness. He further 
stated that " ••• point attack bits have a 
reputation for ruggedness and hard wear, 
but also a propensity for making exces-
sive dust at small penetration and for 
frictional sparking." 
Furthermore, up until 1978 when the 
Bureau of Mines designed and fabricated a 
new device for measuring coal-cutting 
forces underground (~), no instrumenta-
tion was available to directly compare 
the performance of these bit types in 
situ. Therefore, until that date, no 
reliable comparisons could be made in the 
field. 
Past researchers working with radial 
bits have evaluated the effects of rake 
3underlined numbers in parentheses re-
fer to items in the list of references at 
the end of this report. 
and clearance angles on test results. 
However, the majority of investigators 
working with point-attack bits have re-
ported their test results by merely using 
attack angle as a single independent test 
parameter. This approach fails to iso-
late and quantify the individual effects 
of rake or clearance angles on cutting 
forces for conical bits. Rake, attack, 
clearance angles, and other technical 
terms used in the report are illustrated 
in figure l. 
Theoretically, it is well established 
that the optimum back clearance angle is 
betwee_n 50 and 60 (2--~). Insufficient 
back clearance angle will increase fric-
tion between the bit and the coal contact 
area, and then increase the cutting 
forces and premature bit wear (7). In-
crease in this angle beyond 8 0 -will re-
duce bit strength without any beneficial 
effect (2-). 
Coal-cutting theory suggests, however, 
that an increase in rake angles works 
differently (!). In this case, reactive 
force or the normal force needed to hold 
the bit in the coal is reduced drasti-
cally with increased rake angle (7-8). 
Many investigators have used +40 0 -r;ke 
angles, but theoretically rake angles 
beyond +10 0 to +15 0 would have no bene-
ficial effect on normal force. 
Coal seams contain joints and fracture 
planes running in all directions. When 
these planes are aligned parallel or per-
pendicular to the pillar face, rib, or 
butts, they are referred to as face, rib, 
or butt cleats (~). The literature 
search revealed no test data on the ef-
fect of cleating on cutting forces. 
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FIGURE 1.-lIlustratlon of technical terms used In this report. 
faces parallel and perpendicular to cleat 
planes to quantify the effect of cleats 
on cutting forces. All test cuts were 
made in each face perpendicular to the 
bedding planes of the seam. 
TEST METHOD AND EXPERIMENTAL DESIGN 
All field tests were conducted by using 
the Bureau's in-seam tester to measure 
coal-cutting forces in situ. The mechan-
ical functions of this devise have been 
fully described (l-~). The data acqui-
sition has been updated. A schematic of 
the 1ST and its components is shown in 
figure 2. 
A two-axis strain gauge force dynamo-
meter outputs signals proportional to 
cutting and normal bit force. The data 
aquisition system is triggered after the 
tool has entered the coal, and force data 
are collected in digital form at 1,200 
samples per second and stored in histo-
gram format. The full range of 3,200 lbf 
for each channel is divided into 32 class 
intervals of 100 lbf each and stored as a 
time···at-level histogram in battery-
powered solid state memory. The memory 
can be interrogated by a battery-powered 
terminal for readout or storage in ASCII 
code for subsequent printing or computer 
analysis. 
The calibration curves of cutting and 
normal forces for the strain gage as-
sembly or dynamometer are shown in figure 
3. From the figures for cutting and nor-
mal forces, it may be seen that hystere-
sis and cross - talk between axes are 
minimal. 
Mine 1 is near Berry, Fayette County, 
AL, where coal is mined from the 54-in-
thick Pratt Seam. Test sites 1 through 5 
were located in a room-and-pillar area, 
and sites 6 through 8 were located on an 
active longwall panel. Mine 2 is located 
in the Emery Seam, Emery County, UTe At 
present, this mine is inactive, owing to 
the low demand for coal. The seam thick-
ness ranges from 25 to 30 ft 
impurities in the coal seam. 
burden is approximately 110 
area of the test sites. All 
without any 
The over-
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FIGURE 2.-ln-seam tester schematics. 
conducted on a pillar as 
and-pillar mining method has 
lized to win coal. 
the room-
been uti-
Uniaxial compression tests conducted in 
a Bureau laboratory on coal from mines 1 
and 2 are reported in table 1. The mean 
compressive strength of coal from mines 1 
and 2 is 9.93 and 27.37 MPa respectively. 
A summary of all the tests conducted is 
presented below to help the reader iden-
tify areas of specific interest. 
TABLE 1. - Uniaxial compressive strength of coal from mines 1 and 2 
Sample Height, Diameter, Compressive Sample Height, Diameter, Compressi ve 
No. 1 cm cm strength, MPa No. 1 cm cm strength, MPa 
MINE 1 MINE 2 
1 •••• 5.11 2.56 12.31 1 •••• 5.06 2.55 16.36 
2 •••• 5.14 2.56 15.40 2 •••• 5.06 2.55 27.14 
3 •••• 4.16 2.53 5.61 3 •••• 5.06 2.55 26.35 
4 •••• 5.15 2.57 8.21 4 •••• 5.06 2.55 23.45 
5 •••• 4.52 2.54 7.47 5 •••• 5.03 2.55 26.61 
6 •••• 4.79 2.56 6.35 6 •••• 4.33 2.54 24.26 
7 •••• 5.20 2.54 7.55 7 •••• 4.04 2.55 32.81 
8 •••• 5.01 2.53 9.89 8 •••• 4.70 2.55 37.14 
9 •••• 4.45 2.54 15.16 9 •••• 4.72 2.55 31. 38 
10 •••• 5.08 2.55 11.32 10 •••• 3.70 2.55 25.59 
Mean. NAp NAp 9.93± 3.51 11 •••• 4.33 2.55 24.84 
= 1,425 psi 12 •••• 3.99 2.55 32.46 
Mean. NAp NAp 27.37± 4.9-9 
= 3,970 psi 
NAp Not applicable. lAll samples were cylindrical. 
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FIGURE 3.-Callbratlon curves for cutting and normal forces made just prior to field testing. 
6 
Bit Comparison tests were conducted 
within each mine at several sites. In 
mine 1 the point-attack bits were run 
with 5.08-cm spacing, and the radial bits 
were run with 5.08- and 7.62-cm spacing; 
all cuts were at a depth of 2.54 cm. In 
mine 2, the point-attack bits were run 
with 2.54'~m spacing, and the radial bits 
were run with 2.54- and 5.08-cm spacing; 
all cuts were at a depth of 1.27 cm. The 
test made are summarized in tables 2 and 
3. The data are presented in tables 4 
and 5. 
DOC and spacing tests were conducted at 
both mines with a 75° plumb-bob bit using 
the following conditions: 2.54-cm depth 
by 7.62-, 5.08-, and 2.54-cm spacing; 
and 1.27-cm depth by 7.62-, 5.08-, and 
2.54-cm spacing. 
Weathering effects tests were conducted 
at three sites in mine 1 using a 75° 
plumb bob. Depth was 2.54 cm, and spac-
ing was 5.08 cm. Results are presented 
in table 7. 






sites. The same test procedures are 
for "Weathering Effects" were used 
rib 90° from the previous test site. 
data are presented in tables 4 and 
FIELD TESTS AT MINES 1 AND 2 
Figure 4 shows the test bits used at 
mines 1 and 2. Three different radial 
bits, and three plumb-bob point-attack 
bits (70°, 75°, and 90°) two cigar point-
attack bits (80° and 90°) were tested at 
mine 1. The round-nose radial bit iden-
tified as radial bit C in figure 4 was 
damaged during field testing at mine 1. 
Since no replacement was available, this 
bit was not tested at mine 2. At mine 2, 
the 70° plumb bob was replaced with a 60° 
plumb bob to provide greater range in bit 
tip angles being tested. 
The test procedures used with the in-
seam tester have been described pre-
viously in detail (l). Tables 2 and 3 
identify the interactive tests conducted 
at each mine. A total of 28 independent 
Radial A 
Radial B 
Radial C * Not t ested at mine 
Not te sted at mine 1 60° plumb bob * 
70 ° plumb bob * Not tested at min e 2 
75 Q plumb bob 
blu nt plumb bob 
80° ciga r 
90° cigar 
FIGU'RE 4.-Test bits used at mines 1 and 2. "Indicates that data were not used for bit comparison since bits were used at only one ; 
mine. 
TABLE 2. - Interacting cuts made with radial and 
point-attack bits with 45° attack angle and 
2.54-cm depth at mine I 
Spacing, Parallel Perpendicular 
Bit type cm Test Test Test 
site cuts site 
Radial: 
A •••••••••••• 5.08 6 8 8 
7.62 3,4 12 -
B •••••••••••• 5.08 6 7 8 
7.62 3,4 11 -
C •••••••••••• 5.08 - - 8 
7.62 3 6 -
Plumb bob: 
70 0 • ••••••••• 5.08 3,4,5 25 -
75° ••••.••.•• 5.08 1,2,5,6 126 7 
90° blunt •••• 5.08 3,4 19 8 
Cigar: 
80° .......... 5.08 3,4 19 8 
90° •••••••••• 5.08 3,4 19 8 
TABLE 3. - Interacting cuts made with radial and 
point-attack bits with 40° to 50° attack 














Spacing, Attack Parallel Perpendicular 
Bit type cm angle, Test Test Test Test 
deg site cuts site cuts 
Radial: 
A •••••••••• 2.54 45 2,3 34 5 17 
5.08 45 2,3 16 5 8 
B •••••••••• 2.54 45 2,3,4 51 5,6 36 
2.54 40 4 17 5 18 
2.54 50 4 17 5 18 
5.08 45 3 8 6 8 
Plumb bob: 
60 0 •••••••• 2.54 45 2,3 34 6 18 
75 0 •••••••• 2.54 45 2,3,4 51 5,6,7 51 
2.54 40 4 17 5 18 
2.54 50 4 17 5 18 
90° blunt •• 2.54 45 2,3 34 6 18 
Cigar: 
80 0 •••••••• 2.54 45 2,3 34 6 18 
90 0 •••••••• 2.54 45 2,3 34 6 18 
1 
cuts were taken at each mine to determine 
the peak cutting forces with each class 
of bit for each coal type. Altogether, 
more than 1,000 tests perpendicular to 
the bedding planes were conducted. 
At mine 1,130 tests were conducted to 
compare the performance of bits and 
determine the effects of moisture and of 
cleating on coal-cutting forces. Mine 2 
had been closed over a year, and the coal 
in the mine face had reached moisture 
equilibrium with the mine environment. 
Therefore, no tests for moisture effect 
were possible at mine 2. However, 116 
8 
tests were conducted at 0 0 and 90 0 to the 
major cleat to compare forces on test 
bits with various depths of cut and 
spacing for any cleating effect. 
TEST RESULTS 
COMPARISON OF RADIAL AND 
POINT-ATTACK 
The cutting force can be resolved into 
two components: normal and horizontal 
(tangential). The normal component is 
primarily thrust required to hold the bit 
against coal or rock. Thus, the energy 
utilized in overcoming friction, tempera-
ture rise at the bit-rock contact area, 
and other losses are provided by the 
normal component. The horizontal com-
ponent primarily acts to split and break 
the coal or rock. 
Figures 5 and 6 depict the test results 
for two radial and four point-attack bits 
for cuts from mines 1 and 2. Figures 5 
and 6 do not include test results for 
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Parallel 10 cleal plane, mine 2 01 1.27-cm deplh of cui 
60° plumb bob because these bits were not 
tested in both mines. Test results from 
both mines clearly show that radial bits 
require less cutting and much less normal 
force than do point-attack bits. The 
same conclusion is also reached by ex-
amining the peak forces obtained from 
these cuts in tables 4 and 5. Test re-
sults also show that the 90 0 cigar bit 
required higher cutting and normal force 
than the 90 0 blunt plumb-bob bit. The 
opposite was expected, because at shallow 
depths of cuts the 90 0 cigar bit has less 
body surface area in contact with the 
coal being cut. 
Owing to their geometry, radial bits 
make wider cuts and remove more coal per 
cut than point-attack bits. To determine 
the effect of wider spacings, further 
Radial Radial 90" blunt 80"cigar 90°cigar 
bil A bil B plumb bob bil bil 
Perpendicular 10 cleal planes, mine I at 2.54-cm deplh of ct,il 
Radial 75° plumb 900 blunl 80°cigar 90°cigor 
bil B bob plumb bob bit bil 
Perpendicular 10 cleal planes, mine 2 01 1.27-cm deplh of cui 
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Rad ial 75' plumb 90' blunt 80' cigor 90' cigar Radial Radial 90· blunt 80·cigo r 90' c igor 
bit B bob plumb bob bit bi t plumb bob bi t bi t 
Parall el to cleat plane, mine 2 01 1.27-cm depth of cut Perpendi cular to cl eat pl an es, mine 2 at 1.27-cm depth 
of cut 
FIGURE 6.-Hlstograms of mean peak bit forces for Interacting cuts parallel and perpendicular to the major cleat plane at mines 1 
and 2. 
tests were conducted with radial bits at 
7.62-cm spacing for 2.54-cm deep cuts and 
5.08-cm spacing for 1. 27-cm-deep cuts. 
Despite the greater ratio of spacing to 
depth of cut (SID ratio) and despite a 
larger amount of coal removal per cut, 
the test results in tables 4 and 5 sug-
gest that the radial bits still required 
much lower normal force than point-attack 
bits cutting with narrower spacing. 
To further evaluate this point, inde-
pendent cuts were made for each test 
series. Test results shown in tables 4 
and 5 for the independent cuts sugges t 
the radial bit requires lower cutting and 
much lower normal force in all but one 
cas e . In t hi s report, cuts placed 60 em 
apart are called independent cuts; all 
other cuts were placed from 2.54 to 7. 62 
cm apart and are called interacting cuts. 
The peak forces for independent and 
interacting cuts are also ~eported in 
tables 4 and 5. Generally the peak cut-
ting and normal forces fO L inde penden t 
cuts were up to twice 3S high as those 
for interacting cuts. Similar results 
were also noticed for the mean forces in 
the two classes of cuts. 
Test results in figures 5 and 6 sho\l1 
that in making cuts through the hard coal 
in mine 2, the normal forces for t he 
point-attack bits became greater than the 
cutting force in both directions to the 
cleating. With the radial bi ts, the 
normal force component remained smaller 
fhan the cutting force. The rake and 
10 
TABLE 4. - Mean and peak forces for independent and interacting 
cuts with radial bits and pOint-attack bits with 45° attack 
angle and 2.54-cm depth at mine 11 
Bit type Spacing, Test Direc 
cm cuts tion 
Radial: 
A •••••••• 5.08 8 = 
9 + 
7.62 12 = 
0 + 
60.00 2 = 
2 + 
B •••••••• 5.08 7 = 
9 + 
7.62 11 = 
0 + 
60.00 2 = 
2 -i 
c ..•••... 5.08 0 = 
6 + 
7.62 6 = 
0 + 
60.00 2 = 
2 + 
Plumb bob: 
75° •••••• 5.08 25 = 
0 + 
60.00 2 = 
+ 
90° blunt 5.08 19 = 
9 + 
60.00 2 = 
2 + 
Cigar: 
80° •••••• 5.08 19 = 
9 + 
60.00 2 = 
2 + 
90° •••••• 5.08 19 = 
9 + 
60.00 2 = 
2 + 
= Parallel to cleat planes. 
+ Perpendicular to cleat planes. 
NA Not available. 
160 cm is independent spacing; all 
clearance angles with this bit design ap-
pear to split the coal in tension. 
Test results from mines 1 and 2 also 
show that the 90° blunt plumb-bob bit re-
quired less cutting force than the 90° 
cigar bit. A similar anomaly was also 
Av force, N Av peak force, N 
Cutting Normal Cutting Normal 
1,343 249 6,450 1, 112 
632 245 8,230 1, 112 
1,219 262 7,785 1,557 
NA NA NA NA 
2,433 463 8,821 2,149 
1,708 423 10,009 2,002 
1,019 240 6,005 1, 112 
512 222 5,116 1, 112 
1,237 289 7,785 1,779 
NA NA NA NA 
2,011 405 7,785 1,704 
1,277 294 3,781 1, 112 
NA NA NA NA 
783 343 6,005 2,002 
1,410 427 6,895 2,002 
NA NA NA NA 
2,015 587 7,340 2,002 
988 503 6,005 2,002 
1,842 1, 179 8,083 5,414 
NA NA NA NA 
3,252 2,598 10,454 7,340 
NA NA NA NA 
1,548 1,143 7,785 5,116 
1,170 1,005 7,340 4,226 
5,240 4,715 11,566 8,892 
2,375 1,940 5,560 4,671 
1,628 1,326 8,007 5,783 
1,504 1,099 10,009 4,691 
4,382 3,665 11,566 8,4 S2 
1,619 1,308 4,226 3,336 
1,810 1,695 7,785 6,228 
1,633 1,753 7,340 6,005 
3,488 3,772 8,674 7,785 
1,942 1,842 5,560 5,116 
others are interactive. 
noticed in comparing the 75° plumb-bob 
and 80° cigar bit. Although the incon-
sistency is smaller, it cannot be ex-
plained by coal-cutting theory or the 
Bureau's past experience under similar 
test conditions. 
11 
TABLE 5. - Mean and peak forces for independent and interacting 
cuts with radial bits and point-attack bits with 45° attack 
angle and 1.27-cm depth at mine 2' 
Bit type Spacing, Test Di rec- Av force, N Av peak force, N 
cm cuts tion Cutting Normal Cutting Normal 
R8 dial: 
A •••••.• 2.54 34 = 676 311 4,671 2,002 
17 + 485 307 3,336 1,557 
5.08 16 = 1,036 472 6,228 2,669 
8 + 609 320 4,671 1,557 
60.00 4 = 1,379 592 6,339 2,891 
2 + 1,593 698 8,452 3,114 
B ••••••• 2.54 51 = 529 262 4,079 1,704 
36 + 503 285 4,004 2,002 
5.08 8 = 956 409 5, 116 2,002 
8 + 645 325 5,560 2,447 
60.00 3 = 1,401 507 5,859 2,593 
3 + 1,873 721 8,674 4,079 
Plumb bob: 
60° ••••• 2.54 34 = 1,468 1,748 6,005 7,785 
13 + 983 1,268 4,671 5,116 
60.00 1 = 3,096 3,577 6,895 9,119 
1 + 4,675 5,578 10,009 10,454 
70° ••••• 2.54 51 = 1,677 2,415 6,005 8,083 
51 + 1,370 2,451 5,414 8,230 
60.00 3 = 3,203 3,999 7,931 9,862 
90° ••••• 2.54 34 = 1,784 3,003 7,562 10,231 
18 + 1,495 2,562 5, 116 8,6 7 4 
60.00 2 + 3,906 4,577 9,564 11,121 
1 + 4,008 4,853 11,788 10,899 
Cigar: 
80° ••••• 2.54 34 = 1,339 1,833 5,338 6,450 
18 + 961 1,579 3,781 4,671 
60.00 2 = 3,096 3,194 8,674 9,564 
1 + 3,470 4,386 7,785 9,119 
90° ••••• 2.54 34 = 2,073 4,110 6,450 10,231 
18 + 1,406 3,123 5,116 9,119 
60.00 2 = 3,670 5,529 8,452 11,121 
1 + 3,901 7,829 10,009 12,233 
= Parallel to cleat planes. 
+ Perpendicular to cleat planes. 
'60 cm independent spacing; all others are interactive. 
Higher normal forces are an indication 
of greater dust production and ineffi-
cient cutting due to worn-out bits, neg-
ative clearance angles, or poor bit de-
sign. Under these conditions, excessive 
thrust is required to hold the bit at the 
depth of cut. The radial bits used in 
this investigation had 10°, 5°, and 8° 
clearance angles and 5°, 10°, and 12° 
rake angles respectively. Therefore, 
less friction was encountered when making 
test ~uts with these bits. The greater 
rake angles also appear to help the 
coal fracture in the tensile mode of 
failure. 
Higher cutting forces are an indication 
of higher coal strength, greater primary 
dust generation, improper bit design 
and/or lacing, worn bits, and low or 
negative rake and clearance angles. In 
these situations, normal force and 
friction will also increase. 
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The majori ty of t he r adial bits can be 
classified as half-po int - a ttack bits. By 
t hei r design , the radial bits have a 
dist i nct advantage over point-attack bits 
by providing lar ger rake angles. The 
r a dial bits make wider cuts and appeal to 
cause rock f a i lure by splitting it in 
t ens i on. The po int- attack bits appea r to 
i ni tiate fai l ure in a more complex shear-
tensile mode. As the tensile strength of 
t he coa l being cut is approximately one -
t enth t he compressive strength, any bits 
t hat exp l oit t his weakness may be ex-
pected t o exhibit lower cutting and 
normal fo r ces. 
Visual observation at the test sites 
s ugges t ed t hat the radial bits produced a 
larger pr oduct size than the point-attack 
bi ts . There was less streaking, or a 
s maller slicken surface, along the length 
of cu t with the radial bits than with the 
point - attack bits. The increase in the 
normal component of the cutting force for 
the conical bits also suggests that ex-
cessive force is being utilized in the 
c r ushing of coal under the bit tip, caus-
ing size r e duction in the hroken coal by 
t he con i cal point-attack bits. 
Radia l bi ts appear to take advantage of 
t ensi le f a i l u r e r athe r than the complex 
Mohr f a i lure criterion (10). Tensile 
failu r e of minerals will reduce the cut -
ting and normal forces and hence the dust 
genera t ion. 
Hurt and Laidlaw (!J), working with 
Darley Dale sandstone using a 76° plumb -
bob bit and V- shaped and round nose 
r adial bi t s , reported that considerable 
differences between the mean cutting 
fo r ce r equi r ements of three rock cutting 
tools were found. But the presence of 
r elief and effect of blunting reduced Of 
eliminated these differences, particu-
larly at the smallet depths of cut. 
However , it should be pointed out that 
at the shallower depths of cuts, the 
shape of blunt radial bits approximates 
or reaches the shapes of point-attack bit 
tips . The r efore, no difference in tan-
gential or normal forces can be envi -
sioned. At shallow depths of cut, the 
di ffere nce in the magnitude of cutting 
f orces f or different types of bits 
is qui te s mal l and within the scatte r 
in the tes t re s ults . Therefore · it is 
difficult to measu r e these differences. 
Demou (12), working with the same types 
of bits asHu:ct and Laidlaw (ll) in three 
different rock types, found that radial 
bits performed better and required much 
less specific energy than point- attack 
bits. 
EFFECT OF CLEATING ON CUTTING FORCES 
To dete:mine the effect of cleat planes 
on cutting forces, 13 tests consisting of 
117 cuts were made in mine 1 at test site 
3, 4, 6, and 8. These involved two types 
of radial bits, 80° and 90 0 cigar bits, 
and a 90° blunt plumb bob, all at 2.54-cm 
depth of cut and 5.08-cm spacing. At 
mine 2 , 24 tests ~>lith 414 cuts were made 
at test sites 2, 3, 5, 6, and 7 using two 
radial bits, 60 0 , 75°, and 90° plumb bob 
bits, and 80 0 and 90° cigar bits; all 
used I.27-~m depth of cut and 2.54-cm 
spacing. Seventy-two test cuts parallel 
to major cleat planes and 45 cuts perpen-
dicular to major cleat planes were made 
at mine 1, and 238 cuts parallel to cleat 
planes and 176 cuts perpendicular to 
cleat planes were made at mine 20 
Visual obsarvations of the broken coal 
indicated a large~ byproduct size while 
cutting perpendicular versus parallel to 
cleat planes, resulting in lower average 
and peak cutting forces for both indepen-
dent and interacting cuts. Cleating test 
results may be found in tables 4, 5, and 
6. 
RELATIONSHIP BETWEEN DEPTH OF CUT, 
BIT SPACING, AND CUTTING FORCE 
Mine 
To determine the effects of depth of 
cut, 1.27-, 2.54-, and S.09-cm deep test 
cuts we r e planned. However, during the 
initial field test i ng, it was determined 
that it is not possible to wake 5.08-· 
cm-deep cuts in the Pratt Seam with the 
in-seam tester. For 1. 27- and 2.54-
cm--deep cuts wade with a 75° plumb bob, 
the peak cutting force increased from 
4,448 and 5,560 N respectively to 5,783 
and 8,007 ~1. 
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TABLE 6. - Effect of depth of cu t and bit spacing 
for 75° plumb-bob cutting and normal fo r ces 
for test data from mines 1 and 2. 
Test Coal Depth of Spac- Av force, N Av Peak force, N 
cuts layer cut, ing, Cutting I Normal Cutting I Normal 
removed cm cm ,-
MINE 1 (TEST SITES 2 and 6) PARALLEL TO CLEAT PLANES , 
37 1 1. 27 2.54 876 1,041 4,448 4,671 
18 2 1. 27 5.08 1,259 1,517 5,338 5,783 
10 3 1. 27 7.62 1,432 1,668 5,560 5,338 
37 4 2.54 2.54 1,259 1,335 5,783 5,116 
18 5 2.54 5.08 1,744 1.753 6,895 7 , 117 
10 6 2.54 7.62 2,424 2,349 8,007 7 ,11 7 
MINE 2 (TEST SITE 1) PARALLEL TO CLEAT PLANES , 
16 1 1.27 2.54 1,010 1,014 5,116 5,116 
8 2 1. 27 5.08 1,481 1,472 5,560 5,560 
5 3 1.27 7.62 1,971 2,024 6,450 7,340 
16 4 2.54 2.54 1,895 1,980 7,785 8,674 
7 5 2.54 5.08 2,705 3,114 9,119 9,119 
4 6 2.54 7.62 2,678 3,746 7,785 11,343 
MINE 2 (TEST SITE 7) PERPENDICULAR TO CLEAT PLANES , 
16 1 1.27 1. 27 
8 2 1.27 5.08 
6 3 1.27 7.62 
17 4 2.54 2.54 
8 5 2.54 5.08 
5 6 2.54 7.62 
To obtain the effects of bit spacing, 
test cuts were placed 2.54, 5.08, and 
7.62 cm apart. In addition to this, 
independent (unrelieved) cuts were also 
made for 2.54-cm depth of cut with each 
bit type. Table 6 shows results from 
1.27- and 2.54-cm-deep cuts for test 
sites 2 and 6 placed 2.54 and 5.08, and 
7.62 cm apart. For a 75° plumb bob at 
1.27-cm depth of cut, the cutting forces 
were 876, 1,259, and 1,432 N, respec' -
tively, for each spacing. Similar in-
creases may also be noticed in normal 
forces. For 2.54-cm-deep cuts made with 
a 75° plumb bob, the cutting forces were 
1,259, 1,744, and 2,424 N, r espe c tively, 
for each spacing. 
Mine 2 
To verify the test results from mine 1 
on the effects of depth of cut and spac-
ing on cutting forces, the experimental 
design used at mine 1 was repeated at 
mine 2. The coal in mine 2 had a com-
p r e s sive st r engt h of 27.37 MPa, and most 
756 1,045 3,336 3,781 
988 1,219 4,226 5,560 
1,455 1,824 5,560 6,005 
1,152 2,278 5,116 7,340 
2,069 2,767 8,230 9,119 
2,469 2,722 9,119 8,230 
of the time it was not possible to make 
2.54- or 5.08- cm-deep cuts . However, in 
a few instances when it was possible to 
make 2.54-cm-deep cuts with the 75° plumb 
bob, the mean cutting forces increased 
from 1,010 N for 1.27-cm depth to 2,705 N 
for a 2.54-cm-deep cut. Test results for 
independent cuts and interacting cuts 
spaced at 2.54 and 5.08 cm spacing are 
shown in table 5. 
From these tests, it can be concluded 
that generally the cutting and normal 
forces increased with the depth of cut 
and bit spacing. Visual observation 
showed tha t at an SID r at io of 2, coal 
was being left between the cuts. There-
fore, in the Pratt and Emery Seams, the 
SID ratio necessary for interactive cut-
ting is clos~r to 1. 75 than to 2 . 
EFFECT OF WEATHERING ON CUTTING FORCES 
To evaluate the effect of mine environ-
ment on the pillar, face, and rib, 18 
tests were conducted at 3 diffe r eut lest 
sites i n mine 1 by cutting a series of 
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TABLE 7. - Results of weathering tests for 
75° plumb bob at mine 1 (2.54-cm depth 
of cut and 5.08-cm-spacing) 
Test Coal Av force, N Av Peak force, N 
cuts layer Cut ting I Normal Cut ting I Normal 
removed 
TEST SITE 1 PARALLEL TO CLEAT PLANES , 
7 1 NA 2,269 NA 6,895 
10 2 NA 2,900 NA 10,009 
11 3 2,598 3,327 9,119 10,454 
7 4 2,349 3,158 9,119 9,564 
10 5 2,553 3,528 10,899 10,454 
9 6 2,398 3,674 10,009 10,454 
TEST SITE 5 PARALLEL TO CLEAT PLANES , 
9 1 2,656 2,540 9,119 8,674 
9 2 2,740 2,295 7,785 7,340 
9 3 2,527 2,060 8,230 6,450 
9 4 2,553 2,153 8,674 7,340 
9 5 2,469 1,984 8,230 8,230 
9 6 1,931 1,312 10,454 6,005 
TEST SITE 7, PERPENDICULAR TO CLEAT PLANES 
10 1 1,940 
10 2 1,766 
9 3 1,268 
9 4 1,077 
9 5 1,499 
9 6 1,668 
NA Not available. 
layers at each test site. Mine 2 had 
been shut down for more than a year. 
During this period, the moisture level in 
the mine air had remained constant, and 
coal up to the depth of 30 cm had reached 
moisture equilibrium. Therefore, it was 
concluded that it would not be useful to 
conduct tests at this location for evalu-
ation of moisture effects on fragmenta-
tion forces. 
The assumption was made that if there 
is no change in the moisture content of 
coal from one point to another, its 
1,317 7,785 6,005 
1,041 6,450 4,226 
734 6,450 3,781 
667 6,005 4,226 
1,232 6,895 6,895 
1,397 6,450 6,005 
mechanical property from point to point 
would remain unaffected by the moisture. 
The hypothesis was that weathering re-
duces strength, and that therefore each 
layer removed would present a stronger 
fresh face. The assumption was then made 
that forces will increase with depth of 
the test layer in the series. The hypo-
thesis and assumption were not con-
firmed: Test results shown in table 7 
show no statistical significance due to 
weathering. 
CONCLUSIONS 
The trend in the data shown in tables 4 
and 5 and figures 5 and 6 clearly indi-
cate that the radial bits tested required 
lower cutting and much lower normal 
forces than the point-attack bits tested 
in the same types of cuts. 
The lower forces for radial bits appear 
to be caused by better orientation of the 
cutter tip with the bedding direction. 
Radial cutting appears to facilitate coal 
splitting in the tensile mode, while the 
point-attack bits appear to fragment the 
coal with a more complex mode of failure. 
It should be also pointed out that 
these findings are well supported by the 
metal-cutting theory. This theory in 
part states that the higher the rake 
angle, the lower the magnitude of cutting 
force. The majority of 75° or greateL 
than 75° tip plumb bobs by their inherent 
design are unable to provide rake and 
clearance angles greater than 7.5°, while 
radial bits are designed to provide 5° 
clearance with 15° to 35° rake angles. 
Ideal radial bit tips approximate half a 
point-attack bit in the direction of cut. 
Comparison of test results in figures 5 
and 6 shows that making cuts through 
hard coal requires much greater normal 
forces. This is to be expected since the 
reactive force on the bit increases 
as the strength of the material being 
cut increases. This means it requires 
greater force to hold a bit in hard coal 
at a predetermined depth of cut. The 
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difference in the magnitude of cutting 
forces is not as great, however, because 
the tensile strength of the two types of 
coals is similar. 
Cutting coal perpendicular to cleat 
planes requires less cutting and normal 
force than making the same types of cuts 
parallel to cleat planes. This substan-
tiates the mining industry practice of 
cutting perpendicular to cleat planes 
whenever possible, especially during 
room-and-pillar operations. 
These test results further suggest that 
the rake and clearance angles have more 
influence on the magnitude of cutting 
forces than previously thought. 
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